Introduction
Cancer is the main health problem with high morbidity and mortality. The worldwide annual incidence and deaths from cancers are estimated in millions [1, 2] . Hence, cancer therapy must be continuously promoted and developed. Cancer study, like in other diseases, highly depends on representative and reliable models. However, the tumor is not uniform, but rather a heterogenic and highly variable and complex than other diseases, rendering its study extremely difficult, expensive [3] . The most common treatment methods for cancers are based on surgery [4] , chemotherapy [5] , radiotherapy [6] , and immunotherapy [7] . The response of cancers to these various treatment strategies differs according to tumor subtype, clinical stage, and associated risk factors and unfortunately fails to limit the progression of cancer in various cases. Even the same tumor of the same organ or tissue differs in response to therapy among patients and the recurrence and metastasis which are associated with high resistance to therapy are main issues [8] . Also, chemotherapy affects the quality of life because of its potential side effects and therefore disfavored by many patients. Therefore, suitable models to expect the treatment response with high precision are of extreme need toward more personalized treatment of patients.
Experimental models are assigned to understand the pathobiology, identify diagnostic and prognostic biomarkers of cancer progression and establish novel potent and effective therapies. To date, the available treatment protocols seem inadequate to prevent the resistance to therapy as well as the recurrence and progression of cancer. Therefore, several experimental models of to study cancer development and progression including rats and mice as well as the in vitro culture models of cell line, 2D cell, induced pluripotent stem cell (iPSCs) lines, spheroids, 3D organoids, organotypic tissue slice cultures, patient-derived tumor xenografts are developed [9] [10] [11] and certainly, they confer valuable tools for preclinical pharmacological assessment.
Cancer stem cells (CSCs) are tumor-initiating cells capable of conserving cellular heterogeneity, self-renewal, epithelial to mesenchymal transition, differentiation to form all kind cells in a given tumor [12] and drive the tumor growth, metastasis and most importantly, the resistance to conventional anticancer agents [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Therefore, the total eradication of CSCs is crucial for the successful treatment of cancers. Thus, understanding the mechanism of response and resistance of CSCs to therapy and developing personalized therapy is the cornerstone for treatments of cancer in cancer patients.
Currently, the selection of the correct tool to use in the laboratory to elucidate the mechanism of CSCs' resistance to therapy can depend on the question on hand, but also on the resources (and knowledge) available. Among them, organoids constitute the more reasonable method in recapitulating the in vivo microenvironment of the tumor, and easier handling as well as high throughput screening than slice cultures or xenografts. During the past decade, researchers have made substantial progress in the field of organoid biology, and organoid systems have already been reviewed in detail elsewhere [21, 23, 24 ].
Patient-derived organoid analysis of drug resistance in precision medicine
The recent progress in 3D culture engineering has driven to the evolution of novel healthy tissue and cancer models. Upon seeding into a 3D matrix with serum-free media, adult stem cells derived from tissues after digestion can be propagated efficiently into self-organizing organotypic structures, termed organoids. In 2009, Sato et al. firstly established 3D epithelial organoids from a single LGR5 + intestinal stem cell which successfully mimicked the in vivo stem cell niche and grew out as organotypic, highly polarized epithelial structures with proliferative crypt and differentiated villus compartments [25] . This base constructed the starting point for the development of organoid from mouse and human epithelia. Organoids, 3D in vitro cellular structures, are stem cell-derived cultures with the ability to self-organize into 'mini-copy' mimicking their original tissue. It can stably recapitulate the in vivo architecture, functions, and genetic and molecular imprint of their parental tissues or organs even after several passaging [26, 27] . Additionally, organoids can retain cell-cell and cellmatrix interactions compared with 2D cell culture. It is regarded as a transitional model between cancer cell lines and xenografts [28] [29] [30] . This technique holds great promise for use in the medical field for personalized high-throughput drug screening coupled with genomic analysis (Figure 1 ) not only to predict resistance to anti-cancer drugs but also to identify effective cancer therapy for individual patients [11, 31, 32] . Several publications on this topic have been carried ( Table 1) , some of which are discussed here.
In colorectal cancer (CRC), PDO culture has been used to analyzes the mechanism of drug resistance. Using an air-liquid interface method, Usui et al. [21, 33] , developed a new CRC organoid culture contained a lot of CSCs and showed resistance to 5-fluorouracil, and irinotecan by activation of hedgehog signaling of CSCs. Moreover, treatment with hedgehog signal inhibitors (AY9944, GANT61) diminished the cell viability of these organoids [21] . In another study, the patient-derived CRC organoids showed high amenability to high-throughput drug screening and allowed personalized therapy design [34] . In this study, they detected resistance to the anti-EGFR inhibitors, cetuximab, and afatinib, in the setting of KRAS mutant organoids, of which, one subset has a BRAF mutation, a well-known mediator of cetuximab resistance [35] . Interestingly, Buzzelli et al. [36] , clearly demonstrated that the PDO from liver metastases of CRC retains the chemotherapy resistance characteristics of original tumor isolated from patients with advanced and metastatic CRC and had received three to six cycles of chemotherapy. The organoids showed acquired resistance to oxaliplatin and 5-fluorouracil in a similar manner to the patients.
In bladder cancer, although both 2D and 3D cell culture were used to evaluate the response or resistance to anticancer therapy, the 2D culture provided unpredictable, misleading data about in vivo responses probably due to the lack of cell-cell and cell-extracellular matrix signaling that occurs in the 3D culture [37, 38] . Human bladder cancer organoids were used efficiently to analyze response and resistance to therapy after they were exposed to various frequently used anti-cancer drugs. Some organoids were relatively resistant to epirubicin and doxorubicin, while others were more sensitive to gemcitabine and vincristine [39] . In dogs, Elbadawy et al. recently demonstrated the difference in response of bladder cancer organoids to commonly used therapy [27] . They showed that treatment with gemcitabine, showed no effect on the cell viability of most of the organoids, except for one. To clarify the difference in gemcitabine sensitivity, the expression levels of genes involved in gemcitabine metabolism (dCK, CDA, RRM1, RRM2, and SLC29A1) were assessed but no correlation was found. Also, individual differences among organoids established from different dogs were observed in response to several patterns of co-treatment with anti-cancer drugs [27] .
The PDO of metastatic pancreatic cancer was used also to predict responsiveness or resistance to drugs of primary tumors, as the resistance of the PDO to gemcitabine correlated with the resistance of the original tumors [40] .
The PDO of oropharyngeal and esophageal squamous cell carcinoma cells demonstrated resistance to therapy [41] . The formation assay of organoids was directly and significantly correlated with poor response to chemoradiation or presurgical neoadjuvant chemotherapy in patients. They showed that the resistance of organoids to 5-fluorouracil was associated with high CD44 expression and autophagy [41] .
The PDO of biliary tract carcinoma was also used to analyze sensitivity and resistance to erlotinib [42] . The erlotinib-highly sensitive organoids are enriched with KLK6 and ANXA10 genes. However, organoids enriched with ALDH3A1 and CPB2 showed resistance to erlotinib.
In liver cancer, the PDO also showed interpatient and intratumor drug response heterogeneity [43] . In this study, 27 liver cancer PDO lines were developed and tested with 129 FDAapproved anti-cancer drugs. The data revealed interpatient After the tumor specimen is collected, washed in cold phosphate buffer saline, they are minced on ice by a sterilized scissor and collected in a 15 mL tube. Later, they are mechanically and enzymatically digested. Subsequently, the cell suspension passes through a cell strainer to obtain single-cell suspension which is then centrifuged, washed and seeded in Matrigel to form organoids. After several passaging, the organoids can be used for the analysis of drug resistance and sensitivity as well as genomic profiling. and intratumor drug response heterogeneity as cisplatin showed no effect on PDOs, while gemcitabine had a moderate effect. The first-generation proteasome inhibitor, bortezomib, demonstrated high inhibitory effects. After genomic profiling, the organoids showed a mutation in fibroblast growth factor receptor 1 (FGFR1) are more responsive to ponatinib, a multi-kinase inhibitor, while others didn't show and were resistant [43] .
In the PDO of gastric cancer, the patterns of resistance were documented [44] . In this study, PDOs were exposed to 5-FU, irinotecan, oxaliplatin, docetaxel, and epirubicin, and for each drug, various responses were documented. Genomic analysis of the organoids revealed that the irinotecan-resistant organoids carried DD282 mutation, whereas the irinotecansensitive ones showed a gene amplification in the ERBB2 gene (HER2/neu) which can be successfully targeted with trastuzumab, an antibody binding to the HER2 receptor.
In summary, the PDO can mimic the typical features of the original tumors. Successful interference with activated pathways in the PDO demonstrates their potential utility in evaluating the response and resistance to therapy for individual patients in precision medicine. On a small scale, comparisons of the patient to organoid therapy responses or resistance have already displayed the high predictive power of PDO. Comprising PDO into clinical trials and testing it along with the patients will ultimately be helpful to predict individual therapy response. In addition, PDO already fills the gap between conventional 2D cell lines-based drug assay and clinical trials.
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